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[0001] The present invention claims the benefit of Korean Patent Application No. P2002- 
56503 filed in Korea on September 17, 2002, which is hereby incorporated by reference. 

BACKGROUND OF THE INVENTION 
FIELD OF THE INVENTION 

[0002] The present invention relates to a display device and a method of fabricating a 
display device, and more particularly to a liquid crystal display device and a method of 
fabricating a liquid crystal display device. 
DESCRIPTION OF THE RELATED ART 

[0003] In general, a liquid crystal display (LCD) device displays images by adjusting a 
transmittance of a liquid crystal material using an electric field. The LCD device 
comprises a liquid crystal display panel having liquid crystal cells arranged in a matrix 
configuration and a driving circuit to drive the liquid crystal display panel. In addition, 
pixel electrodes and a common electrode are mounted in the liquid crystal display panel in 
order to induce the electric field to the liquid crystal material. Each of the pixel electrodes 
is provided at every liquid crystal cell formed on a lower substrate, and the common 
electrode is formed as a single electrode across an entire surface of an upper substrate. 
Each of the pixel electrodes is connected to a thin film transistor (TFT), which functions as 
a switching device, wherein the pixel electrode and common electrode drive the liquid 
crystal cell in accordance with a data signal supplied through the thin film transistor. 
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[0004] FIG. 1 is a plan view of a lower substrate of an LCD device according to the related 
art, and FIG. 2 is a cross sectional view along II-IF of FIG. 1 according to the related art. 
In FIGs.l and 2, a lower array substrate comprises a thin film transistor (TFT) T that is 
located at an intersection of a data line 4 and a gate line 2, a pixel electrode 22 connected 
to a drain electrode 10 of the TFT T, and a storage capacitor SC located at an overlapping 
part of the pixel electrode 22 and a pre-stage gate line 2. 

[0005] The TFT T comprises a gate electrode 6 connected to the gate line 2, a source 
electrode 8 connected to the data line 4, and the drain electrode 10 connected to the pixel 
electrode 22 through a drain contact hole 20. In addition, the TFT T comprises 
semiconductor layers 14 and 16 to form a conducting channel between the source and drain 
electrodes 8 and 10 by using a gate signal supplied to the gate electrode 6. Accordingly, 
the TFT T selectively provides the pixel electrode 22 with a data signal from the data line 4 
in response to a gate signal supplied to the gate line 2. 

[0006] The pixel electrode 22 is located in a cell region partitioned by the data and gate 
lines 4 and 2 and is made of a transparent conducting material having a high light 
transmittance. The pixel electrode 22 is formed on a protection layer 18, which is provided 
on an entire surface of the lower array substrate, and is electrically connected to the drain 
electrode 10 through the drain contact hole 20 formed through the protection layer 18. 
Accordingly, the pixel electrode 22 generates a potential difference from a common 
transparent electrode (not shown) formed on an upper substrate by the data signal supplied 
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through the TFT T. Liquid crystal molecules of a liquid crystal material provided between 
the lower substrate 1 and the upper substrate (not shown) rotate because of a dielectric 
anisotropy created by the potential difference. Thus, incident light transmitted through the 
pixel electrode 22 from a light source is transmitted to the upper substrate by the rotation 
of the liquid crystal molecules. 

[0007] The storage capacitor SC functions to restrain a voltage fluctuation of the pixel 
electrode 22. The storage capacitor SC comprises an adjacent (i.e., pre-stage) gate line 2, a 
gate insulation film 12, and the semiconductor layers 14 and 16 provided between the pre- 
stage gate line 2 and a storage electrode 24 interconnect to the pixel electrode 22 via a 
storage contact hole 26. 

[0008] FIGs. 3 A to 3D are cross sectional views of a method of fabricating the lower 
substrate of FIG. 2 according to the related art. In FIG. 3 A, the gate electrode 6 and the 
gate line 2 are formed on the lower array substrate 1. Then, a gate metal layer is formed on 
the lower array substrate 1 by a deposition method, such as a sputtering, and includes 
aluminium (Al) or an aluminium alloy. Next, the gate metal layer is patterned by 
photolithograpic and etching processes using a first mask, thereby forming the gate 
electrode 6 and the gate line 2 on the lower array substrate 1 

[0009] In FIG. 3B, the gate insulation film 12, the first semiconductor layer (i.e., active 
layer) 14, the second semiconductor layer (i.e., ohmic contact layer) 16 an ohmic contact 
layer 16, the source electrode 8, the drain electrode 10, the storage electrode 24, and the 
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data line 4 are formed on the lower array substrate 1 having the gate electrode 6 and gate 
line 2. 

[0010] For example, the gate insulation film 12, the first and second semiconductor layers 
14 and 16 and a data metal layer are sequentially deposited using a deposition method, 
such as chemical vapor deposition and sputtering, on the lower array substrate 1 . The gate 
insulating film 12 includes silicon oxide (SiOx) or silicon nitride (SiNx), the first 
semiconductor layer 14 includes undoped amorphous silicon, the second semiconductor 
layer 16 includes impurity-doped amorphous silicon, suchN-type or P-type impurities, and 
the data metal layer includes molybdenum (Mo) or an molybdenum alloy. 
[0011] Next, a photoresist pattern is formed by photolithograpic processes using a second 
mask on the data metal layer. Accordingly, a diffraction mask having a diffraction part 
corresponding to a channel part of the TFT T is used as the second mask, whereby the 
photoresist pattern of the channel part has a height lower than a height of a source/drain 
pattern part and a storage pattern part. Then, the data metal layer is patterned by wet 
etching processes using the photoresist pattern to form the data line 4, the storage electrode 
24, and the source and drain electrodes 8 and 10. 

[0012] Next, the first and the second semiconductor layers 14 and 16 are simultaneously 
patterned by dry etching processes using the same photoresist pattern to form the active 
layer 14 and the ohmic contact layer 16. Then, the photoresist pattern is removed by 
ashing processes, the source/drain pattern part and an ohmic contact layer of the channel 
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part are etched by dry etching processes. Accordingly, the active layer 14 of the channel 
part is exposed to separate the source electrode 8 and the drain electrode 10. Then, the 
photoresist pattern remaining in the source/drain pattern part is removed by stripping 
processes. 

[0013] In FIG. 3C, the protection film 18 is formed on the gate insulation film 12 in which 
the source electrode 8, the drain electrode 10, the storage electrode 24, and the data line 4 
are formed on the lower array substrate 1. The protection film 18 includes one of an 
inorganic insulation material, such as silicon oxide (SiOx) or silicon nitride (SiNx), or one 
of an acryl organic compound or organic insulation material, such as benzocyclobutene 
(BCB) and perfluorocyclobutane (PFCB). Then, the insulation film 18 is patterned by the 
photolithograpic and etching processes by using a third mask to form the drain contact hole 
20 and the storage contact hole 26. The drain contact hole 20 extends through the 
protection film 18 and the drain electrode 10 to expose the ohmic contact layer 16, and the 
storage contact hole 26 extends through the protection film 18 and the storage electrode 24 
to expose the ohmic contact layer 16. 

[0014] In FIG. 3D, the pixel electrode 22 is formed on the protection film 18 by forming 
the transparent metal layer on the protection film 18 by the deposition method, such as 
sputtering. The transparent metal layer is made of Indium-Tin-Oxide (ITO), Indium-Zinc- 
Oxide (IZO), or Indium-Tin-Zinc-Oxide (ITZO). Then, the transparent metal layer is 
patterned by the photolithograpic and etching processes using a fourth mask to form the 
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pixel electrode 22. Accordingly, the pixel electrode 22 contacts the drain electrode 10 
through the drain contact hole 20 and contacts the storage electrode 24 through the storage 
contact hole 26. 

[0015] Accordingly, in large-sized LCD devices, a capacitance (Cst) of the storage 
capacitor SC must be large in order to maintain a stable pixel voltage. However, since the 
storage capacitance is proportional to the capacitance (Cst) of the storage capacitor SC, an 
aperture ratio decreases. Accordingly, the capacitance (Cst) of the storage capacitor SC is 
increased by reducing a gap between the storage electrode 24 and the gate line 2. 
[0016] However, the LCD device formed with the four masks limits increases of the 
capacitance (Cst) of the storage capacitor SC since the storage capacitor 24 and the first 
and second semiconductor layers 14 and 16 are simultaneously formed by the same 
pattern. For example, since the storage capacitor SC comprises the gate line 2, the gate 
insulation film 12, and the pixel electrode 22 and the first and second semiconductor layers 
14 and 16, the gate insulation film 12 has a thickness of 4000 A and a thickness of the first 
and second semiconductor layers 14 and 16 is 2000A. Accordingly, increasing of the 
capacitance (Cst) of the storage capacitor SC includes reducing the interval between the 
pixel electrode 22 and the gate line 2. 

[0017] FIG. 4 is a cross sectional view of a storage capacitor of an LCD device according 
to the related art. In FIG. 4, a storage capacitor includes a gate line 2, a gate insulation 
film 12 and a protection film 18, and a pixel electrode 22. Accordingly, the gate insulation 
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film 12 formed between the gate line 2 and the pixel electrode 22 has a thickness of 4000 A 
and the protection film 18 has a thickness of 2000A of the thickness. Thus, since 
thicknesses of the gate line 2 and the pixel electrode 22 are limited, increasing the 
capacitance (Cst) of the storage capacitor is limited. 

SUMMARY OF THE INVENTION 
[0018] Accordingly, the present invention is directed to a liquid crystal display device and 
a method of fabricating a liquid crystal display device that substantially obviates one or 
more of the problems due to limitations and disadvantages of the related art. 
[0019] An object of the present invention is to provide a liquid crystal display device and a 
method of fabricating a liquid crystal display device having a storage capacitor with an 
increased capacitance. 

[0020] Additional features and advantages of the invention will be set forth in the 
description which follows, and in part will be apparent from the description, or may be 
learned by practice of the invention. The objectives and other advantages of the invention 
will be realized and attained by the structure particularly pointed out in the written 
description and claims hereof as well as the appended drawings. 
[0021] To achieve these and other advantages and in accordance with the purpose of the 
present invention, as embodied and broadly described, a liquid crystal display device 
includes a gate line having a first width formed extending along a first direction on a 
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substrate, a gate insulation film formed to cover the gate line, a semiconductor layer 
formed on the gate insulation film, a storage contact hole having a first width exposing a 
portion of the semiconductor layer, and a pixel electrode having a first end portion 
extending along a second direction perpendicular to the first direction to electrically 
contact the semiconductor layer through the storage contact hole, the first end portion has a 
first length larger than the first width of the gate line, wherein the first width of the storage 
contact hole is larger than the first width of the gate line. 

[0022] In another aspect, a method of fabricating a liquid crystal display device includes 
forming a gate line on a substrate using a first mask, depositing a first insulation layer, a 
semiconductor layer, and a data metal layer on the substrate to cover the gate line, forming 
a semiconductor layer by simultaneously patterning the first insulation layer, the 
semiconductor layer, and data metal layer using a second mask, depositing a second 
insulation layer on the substrate to cover the semiconductor layer, forming a first contact 
hole through the second insulation layer and the semiconductor layer by patterning the 
second insulation layer using a third mask, and forming a pixel electrode on the second 
insulation layer to extend across the gate line using a fourth mask, wherein a width of the 
first contact hole is larger than a width of the gate line. 

[0023] In another aspect, a method of fabricating a liquid crystal display device includes 
forming a gate line having a first width to extend along a first direction on a substrate, 
forming a gate insulation film to cover the gate line, forming a semiconductor layer on the 
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gate insulation film, forming a storage contact hole having a first width to expose a portion 
of the semiconductor layer, and forming a pixel electrode having a first end portion to 
extend along a second direction perpendicular to the first direction to electrically contact 
the semiconductor layer through the storage contact hole, the first end portion has a first 
length larger than the first width of the gate line, wherein the first width of the storage 
contact hole is larger than the first width of the gate line. 

[0024] It is to be understood that both the foregoing general description and the following 
detailed description are exemplary and explanatory and are intended to provide further 
explanation of the invention as claimed. 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0025] The accompanying drawings, which are included to provide a further understanding 
of the invention and are incorporated in and constitute a part of this specification, illustrate 
embodiments of the invention and together with the descriptions serve to explain the 
principles of the invention. In the drawings: 

[0026] FIG. 1 is a plan view of a lower substrate of an LCD device according to the related 
art; 

[0027] FIG. 2 is a cross sectional view along 11-11' of FIG. 1 according to the related art; 
[0028] FIGs. 3 A to 3D are cross sectional views of a method of fabricating the lower 
substrate of FIG. 2 according to the related art; 
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[0029] FIG. 4 is a cross sectional view of a storage capacitor of an LCD device according 
to the related art; 

[0030] FIG. 5 is a plan view of an exemplary lower substrate of an LCD device according 
to the present invention; 

[0031] FIG. 6 is a cross sectional view along VI- VT of FIG. 5 according to the present 
invention; 

[0032] FIGs. 7A to 7F are cross sectional views of an exemplary method of fabricating a 
lower substrate of the LCD device of FIG. 6 according to the present invention; 
[0033] FIG. 8 is a plan view of another exemplary lower substrate of an LCD device 
according to the present invention; 

[0034] FIG. 9 is a cross sectional view along IX-IX' of FIG. 8 according to the present 
invention; and 

[0035] FIGs. 10A to 10F are cross sectional views of another exemplary method of 
fabricating a lower substrate of the LCD device of FIG. 9 according to the present 
invention. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 
[0036] Reference will now be made in detail to the preferred embodiments of the present 
invention, examples of which are illustrated in the accompanying drawings. 
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[0037] FIG. 5 is a plan view of an exemplary lower substrate of an LCD device according 
to the present invention, and FIG. 6 is a cross sectional view along VI- VT of FIG. 5 
according to the present invention. In FIGs. 5 and 6, a lower array substrate may include a 
TFT T located at an intersection of a data line 34 and a gate line 32, a pixel electrode 52 
connected to a drain electrode 40 of the TFT T, and a storage capacitor SC located at an 
overlapping part of the pixel electrode 52 and the gate line 32. 

[0038] The TFT T may include a gate electrode 36 connected to the gate line 32, a source 
electrode 38 connected to a data line 34, and the drain electrode 40 connected to the pixel 
electrode 52. In addition, the TFT T may include first and second semiconductor layers 44 
and 46 to form a conducting channel between the source electrode 38 and the drain 
electrode 40 when a gate voltage is supplied to the gate electrode 36. Accordingly, the 
TFT T may selectively provide the pixel electrode 52 with a data signal supplied from the 
data line 34 in response to a gate signal supplied to the gate line 32. 
[0039] The pixel electrode 52 may be located at a cell region partitioned by the data line 
34 and the gate line 32, and may include transparent conducting material(s) having high 
light transmittance. For example, the pixel electrode 52 may be formed on a protection 
layer 48 overlying a gate insulation film 42, wherein a first end portion of the pixel 
electrode 52 may electrically contact the drain electrode 40 and a second end portion of the 
pixel electrode 52 may electrically contact a portion of the first and second semiconductor 
layers 44 and 46 overlying the gate line 32. 
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[0040] The pixel electrode 52 may generate a voltage difference between a common 
electrode (not shown) formed on an upper substrate (not shown) due to the data signal 
supplied through the TFT T. Accordingly, liquid crystal molecules of a liquid crystal 
material located between the lower substrate 31 and the upper substrate (not shown) may 
rotate due to dielectric anisotropy of the liquid crystal material by the voltage difference. 
Thus, light transmitted to the upper substrate through the pixel electrode 52 from a light 
source may be controlled by the rotation of the liquid crystal molecules. 
[0041] The storage capacitor SC may function to restrain voltage fluctuations of the pixel 
electrode 52. The storage capacitor SC may include an adjacent (i.e. pre-stage) gate line 
32, the pixel electrode 52 and the first and second semiconductor layers 44 and 46, and the 
gate insulation film 42. Accordingly, a portion of the pixel electrode 52 may be formed to 
extend across the pre-stage gate line 32 by a designated length "k" of about 2~3|am. In 
addition, a separated distance "d" between the pixel electrode 52 and the pre-stage gate 
line 32 may be about 8~10ijm. Thus, the portion of the pixel electrode 52 extending across 
the pre-stage gate line 32 may be spaced from of an edge portion of an adjacent pixel 
electrode by about 6~7]im. In addition, a first end portion of the pixel electrode 52 may 
electrically contact the first and second semiconductor layers 44 and 46 through a storage 
contact hole 56 extending through the protection layer 48, the second semiconductor layer 
46 and a portion of the first semiconductor layer 44. A second end portion of the pixel 
electrode 52 may electrically contact the drain electrode 40 through a drain contact hole 50 



l-WA/2022213.1 



13 



extending through the drain electrode 40 to expose a portion of the second semiconductor 
layer 46. 

[0042] In FIG. 6, a width of the storage contact hole 56 may be formed to be larger than a 
width of an upper surface of the gate line 32. Accordingly, a capacitance (Cst) of the 
storage capacitor SC increases in proportion to an overlap area between the first and 
second semiconductor layers 44 and 46 and the gate line 32. Thus, by forming the storage 
contact hole 56 to extend into the first semiconductor layer 44, a distance between the pixel 
electrode 52 and the gate line 32 decreases. For example, by forming the storage contact 
hole 56 to extend into a surface of the first semiconductor layer 44 by about 1000A, the 
capacitance (Cst) of the storage capacitor increases. In addition, a distance between the 
gate line 32 and the pixel electrode 52 may be about 1000 A within the storage contact hole 
56. 

[0043] Furthermore, the first and second semiconductor layers 44 and 46 may function as 
etch-stoppers during formation of the storage contact hole 56. Accordingly, a short circuit 
between the pixel electrode 52 and the pre-stage gate line 32 may be prevented due to 
over-etching of the gate insulation film 42. For example, since etching gases used to etch 
the first and second semiconductor layers 44 and 46 and the gate insulation material 42 
may be different from each other, a portion of the first and second semiconductor layers 44 
and 46 may be not etched during etching of the protection layer 48. Thus, over-etching of 
the gate insulation film 42 may be prevented. In addition, since the capacitance (Cst) of 
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the storage capacitor SC increases, stain and flicker of images on a display panel may be 
prevented. 

[0044] FIGs. 7A to 7F are cross sectional views of an exemplary method of fabricating a 
lower substrate of the LCD device of FIG. 6 according to the present invention. In FIG. 
7 A, the gate electrode 36 and the gate line 32 maybe formed on the lower substrate 31. 
Then, the gate metal layer may be deposited using a deposition method, such as sputtering, 
on the lower substrate 31, wherein aluminium (Al) or aluminium-neodymium (AINd) may 
be used as the gate metal layer. Next, a first mask (not shown) may be arranged on the 
lower substrate 31 and the gate metal layer may be patterned by photolithograpic and 
etching processes, which may include exposure and development processes. Thus, the gate 
electrode 36 and the gate line 32 may be formed on the lower substrate 31. 
[0045] In FIG. 7B, the gate insulation film 42, first and the second semiconductor layers 
45 and 47, and a data metal layer 66 may be sequentially formed by a deposition method, 
such as chemical vapor deposition and sputtering, on the lower substrate 31 having the gate 
electrode 36 and the gate line 32 formed thereon. The gate insulation film 42 may be 
formed to have a thickness of about 4000A using at least one of silicon oxide (SiOx) 
and/or silicon nitride (SiNx), the first semiconductor layer 45 may be formed using 
undoped amorphous silicon, the second semiconductor layer 47 may be formed by using 
impurity-doped amorphous silicon, such as N-type or P-type, and the data metal layer 66 
may be formed using molybdenum (Mo) or an molybdenum alloy. 
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[0046] Next, a photoresist 60 may be provided on an entire surface of the data metal layer 
66, and a second mask 62, which may be used as a diffraction mask, may be arranged on 
the lower substrate 31. The second mask 62 may include a cut-off part 62a corresponding 
to the gate electrode 36, a diffraction part 62b corresponding to the gate line 32, and a 
transmitting part 62c corresponding to a regions between the gate electrode 36 and the gate 
line 32. 

[0047] In FIG. 7C, the photoresist 60 may be patterned using photolithograpic processes, 
which may include exposure and development processes, using the second mask 62 
arranged over the lower substrate 31 to form a photoresist pattern 64 on the data metal 
layer 66. In addition, a portion of the photoresist 60 corresponding to the transmitting part 
62c of the second mask 62 may be entirely removed by photolithograpic processes. 
Accordingly, the first portion 64a of the photoresist pattern 64 may have a first height, and 
second and third portions 64b and 64c photoresist patterns 64 may both have a second 
height less than the first height. 

[0048] In FIG. 7D, the data metal layer 66 may be patterned by wet etching processes 
using the first, second, and third portions 64a, 64b, and 64c of the photoresist pattern 64 
may be formed on the data metal layer 66 as a mask. Then, the first and second 
semiconductor layers 45 and 47 overlying the gate line 32 may be patterned by dry etching 
processes using the third portion 64c of the photoresist pattern 64. Similarly, the data line 
34, the source electrode 38, the drain electrode 40, the active layer 44, and the ohmic 
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contact layer 46 may be formed in regions corresponding to the first and second portions 
64a and 64b of the photoresist pattern 64. In addition, the data metal layer 66 overlying 
the gate line 32 may be removed. 

[0049] In FIG. 7E, a protection film 48 may be formed on the gate insulation film 42 
having the data line 34, the source electrode 38, the drain electrode 40 formed thereon, and 
may include inorganic insulation material(s), such as silicon oxide (SiOx) and/or silicon 
nitride (SiNx), or of organic insulation material(s), such as acryl organic compounds 
benzocyclobutene (BCB), and/or perfluorocyclobutane (PFCB). The protection film 48 
may be patterned by photolithograpic and etching processes using a third mask to form a 
drain contact hole 50 and a storage contact hole 56. The drain contact hole 50 may be 
formed to extend through the protection film 48 and through the drain electrode 40 to 
expose the ohmic contact layer 46. In addition, a storage contact hole 56 may be formed to 
extend through the protection film 48, the second semiconductor layer 46 and a portion of 
the first semiconductor layer 44. For example, a thickness of the first semiconductor layer 
44 overlying the gate line 32 may be about lOOOA. 

[0050] In FIG. 7F, a pixel electrode 52 may be formed on the protection film 48 by 
depositing transparent material(s). For example, a transparent material layer, such as 
Indium-Tin-Oxide (ITO), Indium-Zinc-Oxide (IZO) or Indium-Tin-Zinc-Oxide (ITZO), 
may be formed on the protection layer 48 by a deposition method, such as sputtering. 
Then, the transparent material layer may be patterned by photolithograpic and etching 
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processes using a fourth mask to form the pixel electrode 52. For example, one end 
portion of the pixel electrode 52 may be formed to electrically contact the drain electrode 
40 through the drain contact hole 50, and a second end portion of the pixel electrode 52 
may be formed to electrically contact the first and second semiconductor layers 44 and 46 
corresponding to the gate line 32 via the storage contact hole 56. 
[0051] FIG. 8 is a plan view of another exemplary lower substrate of an LCD device 
according to the present invention, and FIG. 9 is a cross sectional view along IX-IX' of 
FIG. 8 according to the present invention. In FIGs. 8 and 9, a lower array substrate may 
include elements similar to those shown in FIG. 7, except that the storage capacitor SC 
may include portions of a metal layer used to form source and drain electrodes 38 and 40 
(in FIG. 7). Accordingly, steps of removing the portions of the metal layer corresponding 
to the gate line 32 may be omitted. 

[0052] The storage capacitor SP, as shown in FIG. 8, may function to restrain voltage 
fluctuations of the pixel electrode 52. In FIG. 9, the storage capacitor SP may include an 
adjacent (i.e. pre-stage) gate line 32, the pixel electrode 52, the first and second 
semiconductor layers 44 and 46, a storage electrode 54, and the gate insulation film 42. 
Accordingly, a portion of the pixel electrode 52 may be formed to extend across the pre- 
stage gate line 32 by a designated length "k" of about 2~3|am. In addition, a separated 
distance "d" between the pixel electrode 52 and the pre-stage gate line 32 may be about 
8~10)am. Thus, the portion of the pixel electrode 52 extending across the pre-stage gate 
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line 32 may be spaced from of an edge portion of an adjacent pixel electrode by about 
6~7ym. In addition, a first end portion of the pixel electrode 52 may electrically contact 
the first and second semiconductor layers 44 and 46 and the storage electrode 54 through a 
storage contact hole 56 extending through the protection layer 48. The first end portion of 
pixel electrode 54 may extend into the first semiconductor layer 44 such that a thickness of 
the first semiconductor layer 44 may be about lOOOA. 

[0053] A second end portion of the pixel electrode 52 may electrically contact the drain 
electrode 40 through a drain contact hole 50 extending through the drain electrode 40 to 
expose a portion of the second semiconductor layer 46. 

[0054] In FIG. 9, a width of the storage contact hole 56 may be formed to be larger than a 
width of an upper surface of the gate line 32. Accordingly, a capacitance (Cst) of the 
storage capacitor SP (in FIG. 8) increases in proportion to an overlap area between the first 
and second semiconductor layers 44 and 46 and the gate line 32. Thus, by forming the 
storage contact hole 56 to extend into the first semiconductor layer 44, a distance between 
the pixel electrode 52 and the gate line 32 decreases. For example, by forming the storage 
contact hole 56 to extend into a surface of the first semiconductor layer 44 by about 
1000A, the capacitance (Cst) of the storage capacitor SP (in FIG. 8) increases. In addition, 
a distance between the gate line 32 and the pixel electrode 52 may be about 1000A within 
the storage contact hole 56. 
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[0055] Furthermore, the first and second semiconductor layers 44 and 46 may function as 
etch-stoppers during formation of the storage contact hole 56. Accordingly, a short circuit 
between the pixel electrode 52 and the pre-stage gate line 32 may be prevented due to 
over-etching of the gate insulation film 42. For example, since etching gases used to etch 
the first and second semiconductor layers 44 and 46 and the gate insulation material 42 
may be different from each other, a portion of the first and second semiconductor layers 44 
and 46 may be not etched during etching the protection layer 48. Thus, over-etching of the 
gate insulation film 42 may be prevented. In addition, since the capacitance (Cst) of the 
storage capacitor SP increases, stain and flicker of images on a display panel may be 
prevented. 

[0056] In addition, a distance between the gate line 32 and the pixel electrode 52 (i.e., a 
thickness of the gate insulation film 42) may be about 4000 A, and a thickness of the first 
semiconductor layer 44 may be about 1500A. Accordingly, the first and second 
semiconductor layers 44 and 46 may function as etch-stoppers during formation of the 
storage contact hole 56. Thus, a short circuit between the pixel electrode 52 and the pre- 
stage gate line 32 may be prevented due to over-etching of the gate insulation film 42. For 
example, since etching gases of the gate insulation film 42 and the protection film 48 may 
be different, portions of the first and second semiconductor layers 44 and 46 may not be 
etched. Accordingly, over-etching of the gate insulation film 42 may be prevented. 
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[0057] Furthermore, since the capacitance (Cst) of the storage capacitor CP increases, a 
feed-through voltage (A Vp) may be lowered to prevent image stain and flicker. 
[0058] FIGs. 10A to 10F are cross sectional views of another exemplary method of 
fabricating a lower substrate of the LCD device of FIG. 9 according to the present 
invention. In FIG. 10A, the gate electrode 36 and the gate line 32 may be formed on the 
lower substrate 31, wherein the gate metal layer may be deposited by a depositing method, 
such as sputtering, on the lower substrate 3 1 using aluminium (Al) or an aluminium- 
neodymium (AINd) single layer structure. Then, a first mask (not shown) may be arranged 
over the lower substrate 31 and the gate metal layer may be patterned by photolithograpic 
and etching processes, which may include exposure and development processes. Thus, the 
gate electrode 36 and the gate line 32 may be formed on the lower substrate 31. 
[0059] In FIG. 10B, the gate insulation film 42, the first and the second semiconductor 
layers 45 and 47, and the data metal layer 66 may be sequentially formed by a depositing 
method, such as chemical vapor deposition and sputtering, on the lower substrate 31 
having the gate electrode 36 and the gate line 32 formed thereon. 
[0060] The gate insulation film 42 may be formed to have a thickness of about 4000A 
using inorganic insulating material(s), such as silicon oxide (SiOx) or silicon nitride 
(SiNx). The first semiconductor layer 45 may include undoped amorphous silicon, and the 
second semiconductor layer 47 may include impurity-doped amorphous silicon, such as N- 
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type or P-type, and the data metal layer 66 may include molybdenum (Mo) or a 
molybdenum alloy. 

[0061] Next, a photoresist 60 may be applied on an entire surface of the data metal layer 
66, and a second mask 62 may be arranged over the lower substrate 31 to function as a 
diffraction mask. The second mask 62 may include a cut-off part 62a, a diffraction part 
62b, and a transmitting part 62c. 

[0062] In FIG. 10C, the photoresist 60 may be patterned using photolithograpic processes, 
which may include exposure and development processes, using the second mask 62 
arranged over the lower substrate 3 1 to form a photoresist pattern 64 on the data metal 
layer 66. In addition, a portion of the photoresist 60 corresponding to the transmitting part 
62c of the second mask 62 may be entirely removed by photolithograpic processes. 
Accordingly, the first portion 64a of the photoresist pattern 64 may have a first height, and 
second and third portions 64b and 64c photoresist patterns 64 may both have a second 
height less than the first height. 

[0063] In FIG. 7D, the data metal layer 66 may be patterned by wet etching processes 
using the first, second, and third portions 64a, 64b, and 64c of the photoresist pattern 64 
may be formed on the data metal layer 66 as a mask. Then, the first and second 
semiconductor layers 45 and 47 overlying the gate line 32 may be patterned by dry etching 
processes using the third portion 64c of the photoresist pattern 64. Similarly, the data line 
34, the source electrode 38, the drain electrode 40, the active layer 44, and the ohmic 
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contact layer 46 may be formed in regions corresponding to the first and second portions 
64a and 64b of the photoresist pattern 64. In addition, storage electrode 54 may be formed 
on the first and second semiconductor layers 44 and 46. 

[0064] In FIG. 10E, a protection film 48 may be formed on the gate insulation film 42 
having the data line 34, the source electrode 38, the drain electrode 40 formed thereon, and 
may include inorganic insulation material(s), such as silicon oxide (SiOx) and/or silicon 
nitride (SiNx), or of organic insulation material(s), such as acryl organic compounds 
benzocyclobutene (BCB), and/or perfluorocyclobutane (PFCB). The protection film 48 
may be patterned by photolithograpic and etching processes using a third mask to form a 
drain contact hole 50 and a storage contact hole 56. The drain contact hole 50 may be 
formed to extend through the protection film 48 and through the drain electrode 40 to 
expose the ohmic contact layer 46. In addition, a storage contact hole 56 may be formed to 
extend through the protection film 48, the storage electrode 54, the second semiconductor 
layer 44, and a portion of the first semiconductor layer 44. For example, a thickness of the 
first semiconductor layer 44 overlying the gate line 32 may be about 1000A. 
[0065] In FIG. 10F, a pixel electrode 52 may be formed on the protection film 48 by 
depositing transparent material(s). For example, a transparent material layer, such as 
Indium-Tin-Oxide (ITO), Indium-Zinc-Oxide (IZO) or Indium-Tin-Zinc-Oxide (ITZO), 
may be formed on the protection layer 48 by a deposition method, such as sputtering. 
Then, the transparent material layer may be patterned by photolithograpic and etching 
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processes using a fourth mask to form the pixel electrode 52. For example, one end 
portion of the pixel electrode 52 may be formed to electrically contact the drain electrode 
40 through the drain contact hole 50, and a second end portion of the pixel electrode 52 
may be formed to electrically contact the storage electrode 54 and the first and second 
semiconductor layers 44 and 46 corresponding to the gate line 32 via the storage contact 
hole 56. 

[0066] It will be apparent to those skilled in the art that various modifications and 
variations can be made in the liquid crystal display device and method of fabricating a 
liquid crystal display device of the present invention without departing from the spirit or 
scope of the invention. Thus, it is intended that the present invention cover the 
modifications and variations of this invention provided they come within the scope of the 
appended claims and their equivalents. 
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